The results of ESR measurements on a single crystal of the spin-Peierls compound CuGeO3 doped with 4% Zn are reported. We have observed, for the first time, ESR signals in the antiferromagnetic phase below the Néel temperature(T N = 4.2 K). The excitation energies at zero field are 26.4 and 40.6 GHz. The frequency versus magnetic field relation of these ESR signals is well explained by the theory of antiferromagnetic resonance with orthorhombic anisotropy based on the two sublattice model.
The compound CuGeO3 which is the first example of inorganic spin-Peierls(SP) systems has been studied extensively since the discovery. 1) Recently, much attention has been paid to the coexistence of the SP state and a long-range antiferromagnetic(AF) order found in Cu1−xZnxGeO3(Refs. [2] [3] [4] [5] [6] and CuGe1−xSixO3(Refs. [7] [8] [9] . In neutron scattering measurements, both superlattice peaks indicating the lattice dimerization and magnetic Bragg peaks are observed below the Néel temperature(TN) in the low concentration range of the doped compounds. These results give evidence for the coexistence of the lattice dimerization and the AF order. Theoretically, it was concluded that the lattice dimerization and the AF order cannot occur simultaneously in a unique phase.
10)
However, Fukuyama et al. 11) have recently showed theoretically the possibility of disorder-induced AF order in the SP system CuGeO3 doped with Zn or Si. They assumed that the lattice distortion is reduced around impurities and calculated spatial variations of the lattice distortion and staggered magnetic moments. The lattice distortion at the Cu sites increases and the magnetic moment on the Cu decreases with increasing distance from the impurity. It is noted that an average moment is reduced in this theory.
It is very interesting to investigate the magnetic excitations in CuGeO3 doped with the impurities. In the inelastic neutron scattering measurement on CuGe0.993Si0.007O3, two different magnetic excitations are reported. 9) One corresponds to the excitation from the singlet to triplet state observed in pure CuGeO3(SP excitation), 12) and the other is a spin-wave excitation. The spin-wave excitation energy is 0.15 ∼ 0.20 meV at the magnetic zone center at 1.5 K.
As is well known, ESR is a powerful method to investigate magnetic excitation. The energy resolution is much better than a conventional neutron scattering method, although the former detects the excitation only at zero wave vector. Thus, ESR measurements were performed on a single crystal of Cu1−xZnxGeO3 with x ∼ 0.04. We have observed, 13) for the first time, ESR signals in the antiferromagnetic phase of the doped CuGeO3.
The space group of CuGeO3 above the SP transition temperature is P bmm and the lattice parameters at room temperature are, a = 4.81Å, b = 8.47Å and c = 2.941Å. Below † Present address: National Research Institute for Metals TN, spins in the doped sample are parallel to the c axis, i.e., the easy axis is the c axis.
4,7)
The single crystals of Cu1−xZnxGeO3 were grown by a floating zone method using polycrystalline sample rods with x = 0.04. The value of Néel temperature is determined as 4.2 K from a magnetic susceptibility measurement. We estimate Zn concentration as about 0.04 referring to the temperature versus concentration phase diagram determined before.
2) The value of the spin-flop critical field(HSF) along the c axis is about 1 T. AFMR line for H//a above 31.6 GHz and for H//b above 44.7 GHz. Figure 2 summarizes all the data obtained in this study in the frequency-magnetic field plane. For H//c, we have observed two branches below HSF, one vertical branch around HSF(critical field resonance), and one branch above HSF. There is only one branch for H//a and H//b. Comparing these data with the theory, 14) we see immediately that this compound has an orthorhombic anisotropy and that the easy axis is parallel to the c axis, the a axis being the second easy axis. The frequency versus magnetic field relation of the AFMR signals is analyzed by the theory 14) of antiferromagnetic resonance with orthorhombic anisotropy based on the two sublattice model. One may argue the applicability of the classical theory of AFMR to the case where a quantum fluctuation dominates. Although phenomenological, this theory is a rigorous one if the two sublattice model is a good approximation. 15) As is evident from the neutron scattering experiments, a definite sublattice magnetization exists below TN. So, we may use this theory to analyze the data. Solid, dotted and dash-dotted curves in Fig. 2 represent the theoretical ones with HE = 93 T, HA1 = 4.8 × 10 −3 T and HA2 = 1.1 × 10 −2 T, where, HE is the exchange field, and HA1 and HA2 are the two anisotropy fields. We obtained a good agreement between theory and experiment as is shown in Fig. 2 .
